Introduction
The compositions of kimberlite melts at depth remain elusive. This can be attributed to the unquantified effects of multiple complex processes (e.g., alteration, assimilation, and incorporation of xenogenic material) which modify kimberlites pre-, syn-and post-emplacement. In turn, our inability to accurately constrain the composition and physical properties of kimberlite melts prevents a comprehensive understanding of their petrogenesis.
Method and Approach
To improve constraints on the compositions of kimberlite melts, we have adopted a new approach to reconstruct primtive melt compositions, which combines detailed modal analysis, including discerning xenocrystic from magmatic phases, and determination of mineral compositions. The accuracy of this reconstruction process is validated by the similarity between reconstructed and measured whole-rock values. To this reconstructed whole-rock composition we apply a series of corrections and assumptions to account for the effects of post-emplacement alteration (dominantly serpentinisation) as well as the inclusion and assimilation of mantle material. This reconstruction method involves a number of different stages which are outlined below.
Stage 1: Whole-rock reconstruction.
Stage 2: Correction for pseudomorphic serpentinisation of monticellite, assuming a constant volume replacement process occurring in an open system (e.g., Sparks et al. 2009 ). We model this generation of pseudomorphic serpentine as having a completely deuteric origin because monticellite is enclosed in carbonates with magmatic textures and composition.
Stage 3: Formation of matrix serpentine from deuteric (Model I), external (Models II to IV) or mixed fluids (Model V). In addition to modeling different fluid sources, the replaced phases (Models III to V) vary between models. In Model A serpentine is considered a primary duteric phase (e.g., Mitchell 2013), whereas in Model B matrix serpentine is considered a secondary phase (e.g., Afanasyev et al. 2014) . Models C and D involve replacement of various combinations of alkali-carbonate phases based on the suggestions of Kamenetsky et al. (2014) . Finnaly, Model E considers serpetine is derived from 30% duteric and 70% external fluids, where serpentine replaced carbonates (calcite and dolomite). This is our preferred model, and is based on detailed petrographic observations of sample BK (Giuliani et al., 2016) .
Stage 4: Removal of xenocrystic components (i.e., olivine and phlogopite).
Stage 5: Correction for orthopyroxene assimilation, where the amount of orthopyroxene is estimated based on the amount of xenocrystic olivine in sample BK and the ratios of olivine to orthopyroxene in mantle xenoliths from the Kaapvaal craton.
Stage 6: Correction for clinopyroxene and garnet assimilation. The amount of clinopyroxene and garnet is estimated in the same way as orthopyroxene. In light of poor constraints on the extent of assimilation of these phases, we model complete (C), and partial (P) assimilation of clinopyroxene and garnet (i.e., 60% and 40%, respectively -arbitrary values).
Results
The primitive melt reconstructed at from Model E (our prefered model) contains 22.2 wt.% SiO2, 23.5 wt.% MgO, 23.8 wt.% CaO, ~1.8 wt.% H2O, ~12.7 wt.% CO2, 3.5 wt.% P2O5, 1.6 wt.% TiO2, 1.2 wt.% Al2O3 and 0.8 wt.% K2O, and has a Mg# value of 83.2 (see Table 1 ). When compared with Model A (i.e., all serpetine considered as duteric), Model E contains significantly less SiO2, and MgO, and more CaO and CO2. This primitive melt composition (Model E) is also poorer in SiO2, MgO and H2O, but enriched in CaO and CO2 compared with most previous reconstructions of primitive kimberlite melts based on southern African or Canadian samples ( Table 1 ). The reconstructed primtive melt repored here is remarkably similar to the reconstructed primitive melt parental to the Majuagaa kimberlite, Greenland (Neilson and Sand, 2008) .
These results suggest primitive kimberlites are transitional silicate-carbonate melts (i.e., melts with 18-32 wt.% SiO 2 + Al 2 O 3 ), which become progressively enriched in SiO 2 , MgO and to a lesser extent Al 2 O 3 and Cr2O3 through the assimilation of lithospheric mantle material. Importantly, these results are seemingly not consistent with the suggestion that kimberlites are produced as SiO2-free 'carbonatitic' melts that are converted to kimberlitic compositions by extensive assimilation. Comparison between this primitive melt composition and experimentally produced low-degree melts of carbonated peridotite suggests the Bultfontein kimberlite could have been produced by ~0.5% melting of a lherzolitic source at 6.0-8.6 GPa (i.e., ~190-285 km) and 1420-1500 C. The apparent lack of excess heat required for melt generation combined with the low-degree of melting is inconsistent with conventional views of plume-induced magmatism. Therefore, alternative processes of melt generation such as volatile flux melting or decompression melting should be considered.
Production of kimberlite melts by decompression melting of 'normal' shallow asthenospheric mantle is unlikely unless the source was previously enriched in CO2, K2O, H2O, and P2O5 via metasomatism. This could be achived by long-term metasomatic redox pre-conditioning by carbonate-silicate melts (e.g., Yaxley et al. 2017) . Alternatively, kimberlite melt generation may be triggered by volatile fluxing, when rising volatiles (i.e. fluids) interact with the source region (e.g., Bailey 1980; Tappe et al. 2013 ). These fluids would likely have high CO2/H2O ratios, and may also carry significant amounts of K2O, H2O and P2O5.
